Abstract Osteopontin (OPN) is one of the major noncollagenous bone matrix proteins produced by osteoblasts and osteoclasts. We systematically surveyed the entire structure of the OPN gene for single-nucleotide polymorphisms (SNPs) by directly sequencing 48 alleles derived from 24 unrelated Japanese individuals. We identified 13 SNPs in the OPN gene. Ten polymorphisms were identified in introns 1, 3, and 5; 2 in the coding region of exons 6 and 7; and 1 in the 3Ј untranslated region of exon 7. Allele frequencies for some of the polymorphisms were significantly different from those reported in the United States National Center for Biotechnology Information (NCBI) dbSNP database. These polymorphisms will be useful in genetic studies to evaluate the role of OPN proteins in bone metabolism.
Introduction
Osteopontin (OPN) is one of the major noncollagenous bone matrix proteins produced by osteoblasts and osteoclasts (Young et al. 1990; Reinholt et al. 1990 ). Genetic variation of the OPN gene may predispose to bone loss and osteoporosis, because recent studies have suggested an association and linkage of certain genetic polymorphisms with determinants of bone mineral density and a predisposition to osteopenia and osteoporosis (Morrison et al. 1994) . In the present study, we searched for single-nucleotide Polymorphisms (SNPs) by sequencing the entire OPN gene in a panel of Japanese individuals.
Materials and methods

DNA extraction
Blood samples were obtained, with informed consent, from 24 healthy unrelated Japanese individuals. Genomic DNA was prepared from each sample according to the procedures described previously (Ikegawa et al. 1999 ).
Polymerase chain reaction (PCR) conditions and primer design PCR and sequencing primers were determined by analyzing the genomic sequence with DNAsis 3.0 software (Hitachi Software Engineering, Tokyo, Japan). The sequence numbering was adjusted to the sequence of human DNA for osteopontin (G at the top of D14813 is now ϩ1). PCR was performed as described previously, using genomic DNA (10 ng) as a template . PCR amplification was performed under the following conditions: 94°C for 3 min, 72°C for 3 min, then 5 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s, and 25 cycles of 94°C for 30 s, 58°C for 30s, and 72°C for 30 s.
DNA sequencing
After affinity membrane purification, the PCR products were subjected to cycle sequencing with the appropriate primers, as described previously . Differences in the sequences in the 24 samples were regarded as SNPs.
Results and discussion
The entire genomic structure of the OPN gene was sequenced in all 48 alleles from 24 unrelated Japanese individuals. We found a total of 13 SNPs with minor allele frequency geater than 4%. The genomic structure and locations of the confirmed SNP sites are shown in Fig. 1 . Ten of the 13 SNPs observed in the Japanese panel were intronic and novel.
Three SNPs in exon 6 and in exon 7 were archived in the United States database, i.e., the NCBI dbSNP database (http://www.ncbi.nlm.nih.gov/SNP/index.html) at the National Center for Biotechnology Information (NCBI) of the United States. The allele frequencies found in the present study were compared with those coding SNPs described in Table 1 shows the results of this comparison of the SNPs of the OPN gene in the two populations. Only a minor portion of the SNPs observed in Japanese in the present study was observed in the United States database. The allele frequencies of the majority of the polymorphisms were significantly different from those reported in the United States database. We suspect that differences in SNP distribution and allele frequencies in the OPN gene must exist among different ethnic groups. We recently observed major differences between Japanese and Caucasian populations with regard to the distribution and allele frequencies of SNPs in several other genes that are under investigation. These findings emphasize the ethnic differences in allele distribution among different human population, and indicate the necessity of analyzing genetic diversity in populations to be studied for specific disease association.
The deduced protein sequence of OPN shows a conserved cell attachment site arg-gly-asp that binds tightly to hydroxyapatite, and thus is involved in the anchoring of osteoclasts to bone matrix mineral (Young et al. 1990; Reinholt et al. 1990) . OPN knockout mice are resistant to ovariectomy-induced bone resorption compared with wildtype mice (Yoshitake et al. 1999) . In light of such recent progress in our understanding of the biological functions of OPN, the polymorphic sites characterized in the present study will serve as useful markers for examining the potential role of OPN proteins in bone metabolism and in the pathogenesis of osteoporosis in Japanese patients.
